Intercropping is an agricultural practice consisting in planting two or several crops in the same field simultaneously. This production system appeared to offer an excellent several advantages. While intercropping has been widely practiced since ancestral times, there was a lack of data in Rwanda on the kind of intercrops mostly used and on farmers' perception of their utility and constraints. The main objectives of this work were (1) to assess the different food crops associated with coffee trees in Rwanda and (2) to determine the perception of farmers on the role of intercropping system. That was why a field survey was carried out between August 25 th , 2014 and February 28 th , 2015 in Kamonyi District of Rwanda. Seventy-five coffee producers were randomly selected and contacted to fill a questionnaire on their practices. The correlation between yield and pesticide application were performed using R version. The significance level P was set at 0.05. Results revealed that common beans (Pheseolus vulgaris L.) and soybeans (Glycine max L.) were the most coffee intercropped plants. It appeared that intercropping was practiced to ensure the production of staple crops beside coffee. Insecticide remained the main way to control coffee pests and there was thus an important work to find alternative solutions that are often ecologically non-disruptive. Plant breeders and extension agents should investigate plants that are suitable to intercrop with coffee trees in order to enhance the conservation agriculture.
Introduction
Intercropping is the practice of growing more than one crop in the same field at the same time (Wezel et al., 2014) . The most common goal of intercropping is to generate a wide variety of yields per land surface (Mendez et al., 2010) by using resources that would otherwise be taken up by a single crop (Schroth & Ruf, 2014) . For instance, Nitrogen fixing trees (e.g. fruit trees: Inga) and annual crops (e.g. soybeans) intercropped with coffee can restore soil fertility and generate a diversity of agricultural produce like fruits, firewood and timber, which can increase the food security and income of rural communities (Souza et al., 2010) . This coffee production system provides income for rural communities whose land is limited and helps farmers to reduce the risk associated with drought (Perfecto & Vandermeer, 1996) , pest attack (Soto-Pinto et al., 2002) and coffee price volatility (Jassogne et al., 2013) . Intercropping exhibits greater yield stability and less productivity decline during a drought than in the case of a single crop; it also regulates the problem of water stress by keeping humidity within crops (Altieri & Koohafkan, 2008) . In El-Salvador, shade trees in coffee plantations provide firewood for smallholder households for an equivalent value of 1 month of income generated by all members of the household (Bacon, 2005) . In Nicaragua, where it is usually practiced by small-scale farmers, 60% of the farmers grow half or more of the food they eat and coffee is currently intercropped with corn, beans and bananas (Bacon, 2008) . The diversification of produce (avocados, pawpaw, banana, cassava, sugarcane, beans, soybeans, peas, potatoes) together with the strategy of farm-gate guarantees farm stability during the period of reestablishment of coffee production (after rejuvenation pruning) (Souza et al., 2012) . In addition to income generation and food security, the intercropping system in coffee plantations is an approach to producing organic coffee that provides a number of assets that are important for optimal livelihood in rural communities, such as participation in cooperative and local associations as well as access to water, land and loans (Bacon, 2008) .
Intercropping in coffee plantations improves soil fertility as organic material from the trees or crops is integrated by the soil, resulting in an improvement of soil quality that enhances the main crop's ability to compete with weeds (Pumariño et al., 2015) , saving farmers the cost of expensive nitrogen fertilizers. It increases microbial diversity such as vesicular arbuscular mycorrhizae populations, which provide nutrient to the plants (Bainard et al., 2011) . As they cover an important part of the soil, intercropped plants produce more shade, keep soil humidity and create more buffer microclimatic conditions (Siles et al., 2010) . It also improves both physical (porosity) and chemical soil properties (soil pH, enzymes) (Wang et al., 2015) . In Parana State in Brasil, coffee was intercropped with the cultivation of legumes, especially Leucaena leucocephala L. (Fabales: Mimosaceae), which significantly increased the soil enzyme activity (urease, arylsulfatase and phosphatase) as well as the Carbon and Nitrogen mineralization rates (Balota & Chaves, 2010) . Intercropping is also a solution to conserve soil fertility by reducing soil erosion (splash effect, lixiviation and leaching) (Bucagu et al., 2013) .
Intercropping negatively influences the abundance of plant pest populations through different mechanisms. For example, onions (Allium cepa L.) may be planted with carrots (Daucus carota L.) to mask the carrot smell for carrot flies. In the same way, the pest of cabbage Plutella xylostella (Lepidoptera: Yponomeutidae) was reduced using Barbarera vulgaris L. (Capparales: Brassicaceae) and the pest of cotton Helicoverpa spp (Lepidoptera: Noctuidae) was reduced using pea association (Pisum sativum L.) (Ratnadass et al., 2012) . The density of plants facilitates the spread of pathogens and pests. This is the case with soil nematodes Meloidogyne exigua (Tylenchida: Meloidogynidae) and Pratylenchus coffeae lato (Tylenchida: Pratylenchidae) which are spread through injured/wounded roots. The introduction of a non-host plant can help to intercept pests and diseases when spreading or dispersing (Avelino et al., 2011) . Concerning the intercropping in coffee trees, much experimental and empirical work has been done, pushed by economic necessity in Central America. Concerning crop protection, the valued incidence of pathogens like coffee rust and pests such as Hypothenemus hampei (Coleoptera: Cuculionidae) and Leucoptera coffeella (Lepidoptera: Lyonetiidae) is significantly reduced in farms where intercropping is practiced (Avelino et al., 2011; Pumariño et al., 2015) . Several mechanisms may be involved in reducing pest problems. (1) First, the Natural Enemies hypothesis predicts that predator and parasitoid should be more abundant in polyculture than in monoculture because of the increased number of niches and resources available (Russell, 1989; Straub et al., 2014) , (2). The resource concentration hypothesis states that pest species are attracted by plots where their host-plants are the most abundant (Grez & Gonzalez, 1995) . These two mechanisms are complementary. In consequence, by changing the vegetation structure, the presence of several cultivated plant species on the same plot may reduce the attractiveness of the target crop by dilution or even by the repellent effect of the other crops (Bleeker et al., 2011) . (3) A practical consequence of this point is a change in pest settling on the crop. Indeed, when landing on a non-host plant; the pest will tend to fly away and to leave the plot (Straub et al., 2014) . (4) Trap plants and trap crops, for example, Pennisetum purpureum Schumach (Sperales: Poaceae) (Khan et al., 2010) , defined as plant stands deployed to attract, divert, intercept or retain targeted insects or the pathogens they vector in order to reduce damage to the main crop are another mechanism involved in intercropping efficiency, and this is considered as a promising technique (Ratnadass et al., 2012) .
The conservation of biodiversity in coffee orchards depends on social factors such as the distance a farmer has to work to reach the field, different types of support networking both technical and financial, and ecological factors such as landscape, arrangements of crops within fields and seed sources , showing that biological conservation requires more effort. However, in spite of much effort being required, it can be retrieved through the provision and regulation, as well as cultural and supporting services that it gets from the ecosystem. Intercropping contributes to biodiversity conservation and the provision of ecosystem services (De Beenhouwer et al., 2013) . A comparison between shaded coffee with sun-exposed coffee trees in Puerto Rico indicated that the shaded coffee was comparable to the natural forest due to its capacity to harbor a wide variety of animal species (birds, lizards and amphibians) (Buechley et al., 2015) . Intercropping does not only have a positive impact on vertebrate animals but also on invertebrates. The use of the agro-ecological method in food production, particularly the intercropping system, with the aim of keeping a wide variety of flowering plants within and around the fields (food concentration and variability hypothesis) increases pollinator insects (Nicholls & Altieri, 2013) . In Nicaragua, shade coffee landscapes are important because they welcome a huge biodiversity and mitigate some effects of climate change . Additionally, the intercropping system contributes to detoxification of the biosphere. Agricultural lands are a major potential sink and could absorb large quantities of Carbon if trees are reintroduced into these systems and judiciously managed together with crops (Albrecht & Kandji, 2003 The altitude (study area) ranges from 1200 to 1800 m with a gently undulating topography while the altitude in Rwanda ranged between 900 m and 4500 m above sea level (Rushemuka et al., 2014) . A large number of rivers found in this zone constitute the major water resources for human and cattle consumption. The mean annual temperature is around 21 o C and relative humidity is 55-75% (Table 1) (Mujawamariya, 2012) . Note. m = meter; mm = millimeter; o C = Degree Celsius; In/km 2 = Inhabitants/km 2 , Ha = hectare.
Methods

Questionnaire
In order to define the agricultural practices in this region, the interviewed farmers were asked questions. They bordered on (1) the origin of coffee seedlings, (2) the date of planting, (3) the main food crops associated with coffee plants, (4) their interests of intercropping system in coffee production, (5) the plant species used to control erosion around and within coffee plantations, (6) the major coffee pathogens, and (7) the pesticides most frequently used to control pests in coffee plantation. Question one is motivated by the fact that several varieties only are supported by the agricultural authorities, but these varieties differ regarding their susceptibility to major pests.
Identification of Coffee Producers
Coffee cooperatives supplied the list of coffee producers. Farmers were selected based on number of coffee plants, area under coffee production (at least 5 ares) and experience in coffee production (more than ten years). The selection criteria retained 93 farmers. The number of farmers is still for us high for sampling. We determined require sample size using the formula 1 proposed by Israel (1992) that could represent 93 farmers. After that, seventy-five farmers were randomly selected to respond to the questionnaire.
Where, N = Population size (in this case N = 93 farmers); n = sample size; the significance level of P = 0.05.
Qualitative Data Collection
On 26 th August 2014, detailed farm characterizations were conducted using a rapid survey. To assess socio-economic conditions related to intercropping system within each household, field measurements were obtained from cooperatives where smallholders sold coffee berries and were supplemented by survey and observation. From 25 th August 2014 till 28 th February 2015, observations were conducted in parallel with the interview to check the food crops associated with the coffee and plant species used to control soil erosion around coffee plantations. After field work, all completed questionnaires were then smoothly checked for completeness, accuracy and uniformity. A semi-structured interview was used to collect information and the perception of farmers on their practices. The questionnaire was administrated face-to-face to each selected farmer. Coffee producers were helped to understand questions that they were requested to respond to. Each household was visited separately and solicited to allow us to visit their coffee plot. The collected information was kept in a database for further analysis.
Quantitative Data Collection
On February 28 th , 2015, the quantity of pesticides and fertilizers that every interviewed farmer applied were obtained from the factory/coffee washing station where they usually sell fresh coffee berries (historical record of jas.ccsenet. every farm farmer and and clarify was carrie informatio
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Results
All
Beans (Phaseolus vulgaris L.) represented the most important crop associated with coffee in Rwanda. This point was already underlined by Allen et al. (1989) . They constitute an important staple food for farmers and were grown in the whole country. Around 95% of farmers produced beans in Rwanda (Blair et al., 2010) . These results were similar to those of Carvalho et al. (2010) who showed that the beans associated with coffee significantly increased in production regardless of the fertilizer dose and crop management. In Rwanda, beans were an essential source of proteins for all farmers who are unable to get proteins from animal products. Second, the husk of beans controlled weeds in coffee plantations while their waste was used for mulching, cooking fuel, culinary activities and as compost for mushroom productions. The role of each crop associated with coffee must be evaluated, particularly their contribution to pest management, biodiversity conservation and coffee productivity.
The management of coffee plantations in combination with the increase of the area under cultivation is the major key to increasing production in Rwanda, and this is essential in a poor country with significant population growth. However, the increase of the area used for coffee production requires the destruction of natural vegetation in virgin areas as well as the modification of habitat and the natural environment in general. This modification may affect biodiversity and also the relative abundance of natural enemies and may, in extreme cases, cause their emigration or extinction (Pareto optimality). A transition to agro-ecological practices is thus needed to face the future challenge of Rwanda in a sustainable way and to maintain biodiversity as was observed in Central America .
From our survey, it appeared that the main objective of intercropping of annual crops with Coffee in Rwanda was subsistence provision, agriculture diversification and increased coffee production in terms of quality and quantity. Apart from subsistence that farmers get from polyculture, they were diversifying agricultural commodities, controlling soil erosion, adding organic manure, keeping soil moisture in coffee, suppressing invasive plant species, constituting a refuge for beneficiary insects, creating alternative sources of natural enemies, and interfering with pest movement from one crop to another. However, none of the interviewed farmers that had used intercropping was fully aware of these benefits, and presently none of them has actively developed an approach to control pests with these techniques. On the contrary, in Latin America where intercropping has been used to control coffee pests (Avelino et al., 2011; Souza et al., 2010) , the biological control of plant pests by changing habitat structure was still not applied or even known in the rural areas of Rwanda. The capacity building of decision makers on conservation agriculture is thus needed.
Different coffee pests and diseases are evocated by farmers even if they do not know their scientific names. The most pointed pests are Antestiopsis, coffee rust and scale insects Coccus spp. (Hemiptera: Coccidae). Massive agrochemicals used in pest control particularly for controlling pathogens are often thought to be the source of the potato taste in Rwandan coffee. However, there was no evidence that this could be the real cause.
As most farmers in Rwanda were working on hills or on slopes, soil erosion in and around coffee plots is usually managed, using a cover of Pennisetum purpureum. This plant is very prolific and was used for many purposes like feeding animals, mulching and supporting climbing beans. This species is known to act as pull-push, in controlling Lepidoptera such as maize stem borers (Khan et al., 2010) . This means that maize associated with coffee where soil and wind erosion around coffee trees was controlled by P. purpureum was protected from stem borer while coffee was prevented from leaf miner damages. Species like Sesbania sesban L., an indigenous N 2 fixing tree and Leucena leucocephala were also used at the edge of coffee plots (Nzeyimana et al., 2013) but at a low level due to the high cost (350USD/kg of seeds) and effort required in seedling preparation. It was worthwhile to evaluate the role of intercropping in controlling soil erosion (runoff, splash effect, leaching) within coffee trees.
A large variety of agrochemicals was still used in the Republic of Rwanda. Around 98% of coffee farmers used pesticides to control coffee pests. The high number of coffee growers who used pesticides may be explained by the fact that the smallholders usually got pesticides and spraying equipment from the National Agriculture Export Board as credit and the cost was deducted from the price of coffee cherries when growers sold their produce to the washing station. This national institution promoted pesticide application for pest management because coffee production in Rwanda was an essential source of foreign currency, as most of the country's produce was sold in Western countries and standards were needed to access these highly demanding markets. To reach these standards, Rwanda had to prove the traceability in pesticide residue management, so it trained cooperatives in the safe use of pesticide for controlling pests in farmers' coffee plantations. Presently, the consequence of plant intercropping on pest control in coffee crop is not taken into consideration, and these practices should be investigated more in the future. Additionally, most insecticides are harmful to natural enemies or pollinators if they are not properly applied or when they are applied during a critical period, for instance, at the flowering stage. In Rwanda, pesticides are sometimes applied to the surrounding grass, and they automatically destroy the refuge of natural enemies and pollinating insects. An integrated approach must take place at different levels, from the coffee plantation to the farm surroundings, and should improve the availability of natural enemies and alternative sources of food for their optimal longevity and fitness. In that case, apparent competition may also play a role in reducing aphid in the coffee plot when non-economic aphid species are present in the surroundings and share the same parasitoids with pest species (Langer & Hance, 2004) . According to Landis et al. (2000) , extra floral from Faba bean (Vicia fabae L.) were the primary source of food for adult parasitoids. This statement reveals that keeping flowering Faba bean in coffee or near coffee plantations helped to maintain alive parasitoid populations. It was thus advisable to provide natural enemies with alternative sources of food by intercropping coffee with Faba bean and other angiosperm plants.
Second, the use of pesticides to control pests in coffee plantations in Rwanda ignored the role and life cycle of predators, parasitoids and entomophtorales. Scales, aphids and Antestia spp. in coffee plantations might carry parasitoid egg, larva, pupa and insect pathogenic fungi. Then, the control of insects using insecticide meant eliminating both targeted insects and the parasitoid inside their host. Smallholders were not aware of the extinction of untargeted arthropods and their contribution to the regulation of the ecosystem.
Conclusion
This research revealed that intercropping was widely practiced in coffee plantations in Rwanda and that beans were the most frequent food crop intercropped with coffee. The main objective of intercropping in coffee in Rwanda was to diversify the agricultural production, land maximization, weed management and soil erosion control. However, farmers have never intended to apply intercropping as a way of pest control in coffee trees. Consequently insecticides were irrespectively still applied on the level of pest presence and even if intercropping was the main way to control coffee pests. Communities often seek studies that generate better information and increased participation in their development and conservation process and action that would be an ecological research helps to link both social and ecological research questions Given the advantages of intercropping and the environmental economic problems with current farming systems in terms of pest control, it seemed reasonable to continue research on the advantages of growing more than one crop simultaneously on the same piece of land to enhance biological control by managing the structure of the habitat. Furthermore, an introduction of an innovation in pest management in coffee in rural communities has to rely on the technology and cultural practices that exist in this area. It is also important to understand the farmers' perceptions and knowledge on pests and their natural enemies in order to enhance the participatory pest management approaches.
